Resistive switching in amorphous silicon carbide (a-SiC) films deposited by a single composite target magnetron sputtering process is reported. Switching performance as a function of thickness of the films (50, 100 and 300 nm) as well as different top metal electrodes (Cu, Pt and Ag) with the bottom electrode fixed as Au, is investigated. The switching parameters (Forming Voltage,Set and Reset voltages and corresponding currents) are found to be dependent on thickness of SiC films and it is observed that 100 nm is the optimal thickness for best endurance.
INTRODUCTION
Resistive random access memories (RRAMs), based on resistive switching in dielectric and semiconductor materials, have been the subject of intense research because of the several advantages they offer over other non-volatile RAMs. While the majority of the work is focused on oxide based RRAMs, [1] [2] [3] [4] [5] [6] there is also a large body of literature non-oxide based RRAMs, [7] [8] [9] [10] [11] [12] [13] [14] clearly indicating the versatility of the technology. SiC occurs in different polytypes which are particularly attractive for high temperature and high power electronics applications. In the last few years, SiC has also been studied as an active switching material for this technology. [9] [10] [11] [12] The ability to use SiC as the active material for RRAM technology is expected to provide several advantages related to compatibility with existing CMOS processing technologies and high temperature applications. Recent studies have demonstrated that SiC based RRAMs exhibitultrahigh resistance ratios in the range of 10 8 -10 9 and it is also possible to use them as a multibit storage device. Most importantly, in contrast to the oxide based RRAMs, there is no need to control the oxygen content which leads to oxygen diffusion into the metal electrodes.
This is another factor that makes SiC based RRAM important for future technologies.
It has been shown by earlier workers 10, 12 that amorphous SiC, rather than crystalline SiC, is required for resistive switching. The device fabricated on Thermally oxidized Si substrate consisted of an amorphous layer of SiC sandwiched between the Au bottom electrode and Cu top electrode. 10 The authors have suggested that the formation of Cu filaments in the ON state could be the origin of conduction in these devices. However, dependence of switching on different top electrodes and the possibility of existence of other mechanisms of reversible switching in SiC has not been investigated. The aim of the current work is to address these questions. The SiC films were prepared by a single composite target RF magnetron sputtering process reported recently, by some of the current authors. 15 The films were crystalline on Si and amorphous on glass as described in the previous work. In contrast to earlier work, RRAMs on glass substrates are demonstrated. In order to compare the performance of devices fabricated in the present study with literature, only the amorphous films were considered.In this work the bottom electrode in all the fabricated devices is Au while the top electrode is Cu, Pt or Ag. The top electrode is changed to study the process of electroforming in these devices. A detailed understanding of the mechanism of switching in these devices is achieved using Raman and x-ray photoelectron spectroscopy. It is demonstrated that formation of graphitic filaments plays a very important role in determining switching performance.
EXPERIMENTAL DETAILS:
Three device structures, Au/SiC/Pt, Au/SiC/Cu and Au/SiC/Ag were fabricated on glass substrates. The SiC switching layer was deposited by single composite-target RF magnetron sputtering as described in detail in an earlier study 15 . Briefly, the target consisted of Graphite pieces placed on a Silicon base and the carbon content in the film was controlled by varying the graphite coverage area. The conditions optimized earlier to achieve stoichiometric SiC are used in the present study to fabricate the devices. The thickness of the SiC films was varied from 50 nm to300 nm. The Au bottom electrode and Cu top electrode were deposited by thermal evaporation while the Pt top electrode was deposited by RF sputtering. The Cu and Pt electrodes were of 40μmx40μm size while Ag dots of 500μm diameter were fabricated by using shadow mask.
Au/SiC/Pt and Au/SiC/Cu structures were patterned using photolithography which employed three masks for deposition and lift-off of each layer. 
RESULTS AND DISCUSSION:
The forming process is the critical first step in all resistive switching devices, since the magnitude of the forming voltage determines the (performance) I-V characteristics of the device.
In oxide thin film based RRAMs, it has been shown that there is a weak dependence of the forming voltage on thickness of the active layer but stronger dependence on the top electrode 16 .
The current-voltage (I-V) curves for the SiC films in devices D2,D5,D7 are shown in Fig. 2 SiC thicknesses.The forming voltages are slightly higher than in previous reports which maybe due to the higher thickness of the SiC films in the present case 10 . The thickness of SiC here is [9] [10] [11] [12] . The functional dependence, of forming voltage and electric field, on thickness of switching layer and work function of top electrode is plotted in Fig. 3(d) .There appears to be a stronger dependence on metal work function of top electrode than the thickness of the SiC film. This behaviour is similar to that observed in several oxide based RRAMs [1] [2] [3] [4] [5] [6] . It is also observed that the forming field, which is the forming voltage divided by the thickness, decreases with thickness of SiC as predicted by Dearnaley etal 17 .
In addition to the forming voltage,Set/Reset currents and voltages are also dependent on the switching layer thickness and the top electrode material, as is evident from to those reported in the literature. Significantly, the devices in the current study are unipolar in nature, in contrast to the earlier work where co-existence of unipolar and bipolar switching has been observed. Unipolar switching is considered a better option than bipolar switching for some applications since a single polarity pulse provides the possibility of unipolar diodes for selection in an array which in turn results in simpler circuits 19 . It has been found in other systems that unipolar switching can be attributed to localized Joule heating effects leading to the formation of conductive filaments at the formative voltage 7, 8, 19 . The switching is then due to the formation and rupturing of the filaments, depending on the voltage. However, in the case of Cu/SiC/Pt where non-polar switching is observed, it is postulated that Cu filaments form due to electrochemical reactions [3] [4] [5] [6] [7] . In the Set process there is anodic dissolution of Cu under positive bias. The Cu which is also known to readily form silicides [21] [22] [23] [24] . Both these metals do not form carbides and it is, therefore, expected that the carbon would segregate to the surface. The G mode and 2D mode peak position in few layer graphene stronglydepends on strain and chemical doping due to local environment (substrates, adsorbates). The position of G peak in Au/SiC/Pt is similar to that reported for graphene on 6H-SiC(0001)while for Au/SiC/Ag device it is similar to those reported for graphite 26, 27 . The presence of large defect activated D peaks in all the decives suggest that a large fraction of the carbon might be sp 3 bonded carbon. The line shape of 2D peak depends on the number of layers present in few layer graphene. For a single layer of graphene on SiO2 substrate the FWHM of 2D peak is 34 cm -1 . In addition there are other defect related modes like D', 2D' (overtone of D'), D+D'. In Au/SiC/Pt , the broad peak at high wavenumber has been deconvoluted into 2D, 2D', and D+D' components which gives 2D peak position at 2690 cm -1 as shown in Figure S7 . However, in Au/SiC/Ag this peak is so broadened that it cannot be reliably deconvoluted. It is evident from these studies that, in the case of electrochemically inert top electrodes (Pt and Ag)unambiguous presence of nanocrystalline graphitic filaments is established. However, in the devices with Cu TE, the same mechanism cannot explain conduction, since a very small amount of graphite is present. It is known that Cu has the lowest redox potential among Ag and Pt, so it willreadily start to dissolve at much lower potential. As a consequence, it is more likely conduction is due to metallic Cu filaments in these devices. 
